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摘要 
目的:目前关于人胚胎干细胞（hESCs）对氧化应激反应以及细胞的抗氧化特性尚
不完全清楚。本研究探索在氧化应激下在人胚胎干细胞（hESCs）和人角膜上皮
细胞（HCE）的不同反应和作用及其机制研究，进一步阐述ESCs抗氧化应激的
细胞特性及机制。 
方法: 利用H2O2和4-羟基壬烯醛（HNE）诱导的两种不同氧化应激模型重点观察、
比较人胚胎干细胞（hESCs, 选用H1细胞）和人成熟实体细胞:人角膜上皮细胞
（HCE）的不同反应。通过CCK8细胞活性实验分别检测不同浓度的H2O2和HNE
对H1、HCE以及人脐静脉内皮细胞（HUVECs）和人胃上皮细胞（GES-1）的影
响；通过流式细胞术检测H1和HCE两种细胞内活性氧物质ROS的水平；利用免
疫印迹方法来检测H1和HCE细胞内氧化应激标志物3-硝基酪氨酸（3-NT）的含
量；通过实时定量PCR (qRT-PCR)、免疫印迹、酶活性试剂盒等方法检测两种细
胞内主要氧化酶NADPH氧化酶和抗氧化因子超氧化物岐酶（SOD）、过氧化氢
酶（CAT）、谷胱甘肽巯基转移酶（GSTP）、过氧化物酶（PRDX）的表达情况
以及细胞自噬水平的激活情况。同时通过药理学手段NOX4的激动剂—佛波醇
-12-十四酸酯-13-乙酸酯（TPA）来验证H2O2诱导hESCs中NOX4的变化。 
结果:在H2O2和HNE两种不同氧化应激模型中的CCK8细胞活性实验结果显示，在
相同应激条件下，H1表现出较强的活性作用，而HCE和GES-1存活受到抑制，且
HUVECs受到的抑制更为明显，呈浓度依赖性关系。流式实验测定活性氧（ROS）
的结果显示，在相同应激条件下，ROS的表达水平在H1内无明显变化，而在HCE
内ROS表达水平升高。Western Blot结果显示，在给予H2O2刺激24h后，H1细胞内
的氧化应激标志物3-NT下降，而在HCE细胞内升高。SOD和Catalase试剂盒和
qRT-PCR结果显示，在给予H2O2刺激24小时后，H1中的SOD和CAT表达水平上
调，在HCE中下调。qRT-PCR和Western Blot结果显示在分别给予H2O2和HNE刺
激4小时后，H1中的GSTP和PRDX1表达水平上调，在HCE中下调。同时，在分
别给予H2O2和HNE刺激4小时后，H1中相关自噬标志物：Beclin1,Atg5-12和
LC3-II/LC3-I比值均上升，而P62蛋白表达下降；HCE结果与其相反。结果表明
H1中的自噬在氧化应激的早期阶段被激活，而HCE细胞的自噬未被激活或被抑
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制。 
结论:分别在 H2O2 和 HNE 诱导的氧化应激条件下，人胚胎干细胞（hESCs）较
人角膜上皮细胞（HCE）具有显著的抗氧化特性，其机制是上调相关抗氧化酶及
激活早期自噬而实现的。结果较为深入地证明人胚胎干细胞具有较强的抗氧化能
力，对干细胞的自身特性、分化、功能以及潜在临床应用的相关研究提供的新的
实验证据并有一定的指导意义。 
关键词：胚胎干细胞；抗氧化应激；自噬
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Abstract 
Purpose:It is not fully elucidated about the cellular anti-oxidant properties of human 
embryonic stem cells（hESCs）.Here we investigated and compared the different 
responses against oxidative stress and the underlying mechanisms between human 
embryonic stem cells（hESCs）and human corneal epithelial cells（HCE）using two 
different oxidative stress models. 
Methods: We applied twooxidative stress models: H2O2-inducedand 4-Hydroxynone 
al (HNE)-induced to cultured human embryonic stem cells (hESCs) and human 
corneal epithelial (HCE) cells. We measured the cell viability by cell counting kit-8 
assays of ESCs,and human gastric epithelial (GES-1) cells .The production of 
endogenous ROS in the cells were detected by flow cytometry;the level of —a ROS 
marker :3-nitrotyrosine (3-NT) was examined by Western Blot.Wethen detected the 
expression of major oxidase and antioxidant enzymes such as NOX4,SOD,catalase, 
GSTP,and PRDX1,and the levels of major factors of autophagy, such as Beclin1, 
Atg5-12, LC3-II/ LC3-Iand P62, by real-time quantitative PCR (qRT-PCR) enzyme 
activity kit and Western Blot were detected by real-time quantitative PCR 
(qRT-PCR) ,enzyme activity kit and Western Blot.We also verified the NOX4 changes 
induced by H2O2 in hESCs using NOX4 agonist—phorbol-12-myristate-13-acetate 
(TPA). 
Results: It was demonstrated that H1 had a strong cell viability under the oxidative 
stress induced by H2O2 and HNE, while the cell viabilitiesof HCE, HUVECs and 
GES-1cells were significantly suppressed under the same stress condition.The 
productionof ROS was not significantly changed in H1 after treated with H2O2, while 
the production of ROS was increased in HCE under the same stress condition.It was 
shown that the level of 3-NT, an oxidative stress markers in H1 cells was decreased 
after exposed toH2O2, but increased in HCE cells. It was also shown that the gene 
expression and protein levels of antioxidants: SOD and Catalase kits were up- 
regulatedin H1 and down-regulated in HCE after treatment with H2O2. Meanwhile the 
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gene expression and protein levels of antioxidants: GSTP and PRDX1 were 
up-regulated in H1 but decreased in HCE after treatment of both H2O2 and HNE. On  
the other hand, the levels of autophagy markers, such as Beclin1, Atg5-12 and LC3-II  
/ LC3-I were increased in the H1, and the expression of P62 protein was decreased 
after exposed to H2O2 and HNE for 4 hours, indicating that autophagy in H1 was 
activated at early stage of oxidative stress,whereas autophagy of HCE cells is not 
activated or inhibited. 
Conclusion: Human embryonic stem cells (ESCs) has significant antioxidant  
properties under oxidative stress induced by H2O2 and HNE comparing with human 
corneal epithelial cells (HCE). The underlying mechanisms are through up-regulation 
of the related antioxidant enzymes and activation of autophagy at early stage. The 
novel evidence suggests that human embryonic stem cells have strong 
antioxidantcapability,and helps to better understand the cellular 
characteristics,differentiation, and function of stem cells as well as potential clinical 
application of stem cells. 
Keywords: Embryonic stem cells;  antioxidants；Autophagy 
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